The U.S. health care system is one of the world's most advanced systems. Yet, the health care system suffers from unexplained practice variations, major gaps between evidence and practice, and suboptimal quality. Although information processing, communication, and management are key to health care delivery and considerable evidence links information/communication technology (IT) to improvements in patient safety and quality of care, the health care system has a longstanding gap in its investment. In the Crossing the Quality Chasm and Building a Better Delivery System reports, The Institute of Medicine and National Academy of Engineering identified IT integration as critical to improving health care delivery systems. This paper reviews the state of IT use in the U.S. health care system, its role in facilitating evidence-based practices, and identifies key attributes of an ideal IT infrastructure and issues surrounding IT implementation. We also examine structural, financial, policy-related, cultural, and organizational barriers to IT implementation for evidence-based practice and strategies to overcome them. T he U.S. health care system is a $1.6-trillion industry that is undergoing rapid changes, facing increasing market pressure and competition for scarce resources.
outside of health care, such as the Leapfrog Group, as well as the U.S. government, have encouraged IT investments as a solution to reduce medication errors and patient safety problems. [7] [8] [9] IT use has been shown to yield significant improvements in quality, cost containment, and patient safety in several empirical studies. [10] [11] [12] However, relatively little research has focused on identifying effective approaches for IT implementation and applications in evidence-based practices (EBPs). Evidence-based practice is the process of using current best evidence from well-designed research conscientiously and judiciously, in conjunction with patient values and clinical expertise, to guide health care decisions.
To explore these issues, Veterans Health Administration (VHA) convened a State-of-the-Art Conference (SOTA) on ''Implementing the Evidence: Transforming Practices, Systems, and Organizations'' in December 2004. This synthesis of literature was undertaken as background to the SOTA conference. Given the limited amount of information in this area, evidence for this project came from: (1) MEDLINE search and review of published literature; (2) general world wide web search; and (3) expert opinions from discussions of the paper at the SOTA workshop. Our objectives in this paper are to: (1) provide a summary of current IT implementation efforts and its role in facilitating EBPs; (2) identify key stakeholder issues and barriers surrounding IT implementation to support EBPs; and (3) outline strategies for IT implementation and management to support EBPs as part of a better delivery system. Although other nations have also launched IT implementation efforts, 13, 14 our literature synthesis will focus exclusively on the U.S. health care system.
DEFINITION AND CURRENT APPLICATIONS OF IT
Information technology is defined as the development, installation, and implementation of computer systems and applications, including hardware, software, networking, and communication tools. In the past decade, IT development activities within the health care industry have increased as executives and providers recognized the urgent need for strategic information management and inadequacies of traditional information storage, retrieval, and analysis tools. 15, 16 However, most IT investments in health care have focused on administration rather than care delivery. Current IT applications in the health care industry can be divided into 3 categories: (1) infrastructure, such as electronic health records (EHRs) as storage and retrieval systems, automated mechanisms for capturing data, and an electronic library of medical literature; (2) performance enhancement, such as computer-based clinical decision support (CDS) systems, continuing medical and patient education; and (3) performance evaluation, such as demonstration and measurement of the cost, effectiveness, and outcomes of different systems. 15, 16 All 3 applications can support the delivery of EBPs. In general, most health care information systems are composed of automated billing and financial management, patient admission, discharge, transfers and registration, coordination of communications infrastructure, claims processing, customer service, and electronic data sharing. 2 
CURRENT IT IMPLEMENTATION TRENDS
The establishment of a national health information infrastructure is considered a top priority. From a financial perspective, the implementation of a national health information infrastructure could yield as much as $142-371 billion in savings for the health care system. 6 From a human perspective, improved IT use in care delivery may help prevent the multiple deaths that are expected to occur because of medical errors. 18 Efforts in IT use may intensify as requirements to address administrative simplification emanated from the Health Insurance Portability and Accountability Act impel the health care industry to use more efficient and standardized electronic communications. 2, 6 More efficient coordination of information and communication could better support the delivery of EBPs. However, important technical, cost, organizational, social, and policy issues remain to be resolved before IT systems could be widely adopted and implemented. Table 1 outlines priorities according to expert opinion in IT implementation, and identifies barriers and strategies to promote EBPs. Currently, the VA medical system has the most broadly implemented federal health IT system. The VA also launched the Quality Enhancement Research Initiative (QUERI) in the late 1990s, designed to integrate care delivery, quality improvement (QI), and health services research to identify and implement EBPs in routine care settings for individuals with chronic illness. 19, 20 The VA has successfully used IT within its health care system to improve quality through the use of clinical reminders, 21 EHRs, and other innovative approaches. 20 However, the VA's information system currently lacks rigorous data standards, which limits the sharing and usability of data across health information systems and in QI.
22,23

IT AND THE IMPLEMENTATION OF NEW EVIDENCE
Major efforts are warranted to reengineer health care in the United States to improve quality, safety, and bridge the gap between evidence and practice. 8, 24, 25 The President's Information Technology Advisory Committee (PITAC) attributes the gap between evidence and practice to a number of problems inherent in care delivery. 22 On an individual level, providers cannot maintain or consider all details of patients' medical history, or all best medical practices needed in order to deliver optimal care. 26 Moreover, ready access to patient data for medical decision-making is often unavailable at the point of care. On a system level, there is urgent need for change in how health care is organized and delivered to make it more evidence based. Synthesizing recommendations from the IOM's Quality Chasm report, 5 priority areas have been identified to bridge this gap, including building organizational support for change, applying evidence to health care delivery, developing IT, aligning payment policies with QI, and preparing the workforce. 27 In addition to enhancing information access and supporting decision making, IT may help meet other objectives, particularly the delivery of EBPs. 3 The informatics infrastructure needed for EBP includes data acquisition methods, health care standards including standardized terminologies, data repositories, clinical event monitors, data-mining techniques, digital sources of evidence, and communication technologies. 28, 29 Table 2 identifies attributes of an ideal IT system to support EBP and health care delivery. The President's Information Technology Advisory Committee has proposed a framework for a 21st century health care IT infrastructure with 4 key elements: (1) readily available EHRs to equip patients and providers to share the decisionmaking in making health care decisions; (2) CDS to use state of the art knowledge in making treatment decisions; (3) computerized provider order entry (CPOE) for tests, medicine, and procedures; and (4) secure, private, interoperable, electronic health information exchange. 22 Additional IT applications supporting the implementation of EBP include populationbased care systems, and functional baseline estimates against which future information system enhancements can be measured. 30 All of these tools coordinate information dissemination and sharing from various databases to equip the provider in providing patient-specific, appropriate, timely, and evidencebased care. 3, 22 
ISSUES IN IT IMPLEMENTATION
Tan and Modrow have advocated for overall industry performance standards or measures, in order to define accountability expectations for IT. 35, 36 As IT becomes more integrated into the care delivery system, IT implementation is likely to expand to include other participants in the health care setting. The IT system needs to interface with, and be responsive to, patients, managers, providers, researchers, and the public. Key stakeholder groups, including managers, providers, and other clinicians, patients, and health care organizations, have identified different barriers and facilitators to IT use in improving EBPs. Therefore, any IT implementation plans should address concerns of the stakeholders in order to build a better system. 35 
Clinician/Provider Issues
The utilization of IT in health care delivery systems depends upon IT availability and acceptance by health care providers.
In the next few years, the most important IT clinical applications are likely to include CPOE, clinical information systems, CDS, and improved medication management. 2 Providers, other clinicians, and managers share many concerns regarding the use of IT in implementing EBPs. 33, 35 An example of an important clinician issue is that outpatient laboratory test results are often not reviewed and acted upon within reasonable time frames. 37 Clinicians desire a system that allows them to review and act upon test results safely and efficiently. Clinical decision support for laboratory test results might be used to classify the extent of abnormality for given results, provide context-appropriate advice to help manage abnormal results, generate letters to patients using templates, and help set reminders for follow-up testing. 37 Taking full advantage of IT may require a team approach, where active involvement of interdisciplinary groups of providers and users is important. For example, to achieve maximum medication safety, introducing a CPOE system with advanced CDS, as well as involving both clinical pharmacists and other providers, may be particularly effective. 38 
Patient Issues
Patient-centered care, defined as care that elicits, respects, and incorporates patients' wishes and maximizes patients' subjective outcomes, is increasingly recognized as an important dimension of health care quality. In promoting patient-centered care, IT provides opportunities to enhance patient-provider interactions and patients' use of their own health data. Information technology use may empower patients in their exchange with providers and promotes the alignment of care between hospital/clinics and patients' home. 39 Furthermore, IT tools may facilitate patient education and activation in enhancing the patient's role as an active participant in the care process.
Information technology provides patients with chronic conditions new tools to manage their illness. For example, a ''Home Telecare System'' that integrates clinical signs monitoring, automated scheduling, and medication reminders, access to health education, and daily logs, can help patients self-manage their chronic disease. 40 There are also a number of examples of systems that facilitate patient-EHR interactions and studies have shown a benefit to having patients view their medical data. [40] [41] [42] As IT development accelerates, and access to information and interface capability increases, there is increasing opportunity to engage patients in further IT use. Information technology resources that are currently available to patients range from general information to personalized tools. For example, static web sites (e.g., WebMD, American Diabetes Association, etc.) can disseminate disease-specific information to a broad audience. Interactive web sites (e.g., Care Wise, Caresteps, E-Diets) can create community platforms for information sharing between providers and patients as well as for the dissemination of educational information to targeted patient cohorts.
New devices are being developed and tested to enhance individually tailored disease management. For example, biometric devices, which are home-based measurement devices that monitor and collect daily readings and symptom information, are increasingly used in care delivery. 42 Handheld devices (e.g., personal digital assistants) allow patients to track daily progress such as weight and medications. Connectivityfacilitated workflow management, which deploys clinical and administrative workflow support through web-based connectivity among health plans, physician offices, and hospitals, gives patients customized, real-time delivery of alerts, guidelines, reminders, and other targeted information at the point of care. 42 Emerging technology has the potential to increase patient participation in IT-facilitated, evidence-based, patient-centered care. Obtaining regular patient input in the design of health care IT systems can facilitate making the EHR responsive to patients needs. 41 
Organizational Issues
Within the health care industry, over one half of health care executives identified the top IT priority as implementation. 2 However, most health care organizations are still at the stages ranging from considering adoption through early implementation. 43, 44 The lack of financial support for widespread IT applications is considered a primary barrier to its implementation by both managers and clinicians. 2, 45 The financial burden of implementation, including acquisition and implementation costs, slow and uncertain financial payoffs, and disruption to clinical practices, is directly related to both the size of organization and its readiness for conversion. 46, 47 The complexity of IT implementation not only requires significant resource investment by the organization, but it also involves many levels of personnel and system interaction and management, representing a major organizational change effort. Case studies in hospitals that have implemented advanced clinical information systems with extensive CDS provide important lessons. Implementation of some systems have been well accepted by providers and managers and have improved clinical processes, whereas there have also been significant and costly failures. Successful implementation requires leadership, a long-term commitment to improving and documenting health care processes, and efforts to involve clinicians and sustain productivity. 48 In health care organizations, using IT for clinical documentation and order entry may provide an opportunity to improve processes of care and capture QI efforts into data warehouses to support better care delivery systems. 49 Using IT systems to document and generate performance measures may make the accreditation processes with agencies such as the Joint Commission on Accreditation of Healthcare Organizations, Centers for Medicare & Medicaid Services, the National Center for Quality Assurance, and the National Quality Forum, more efficient. 49 In addition, the use of IT tools has the potential to facilitate networking and benchmarking among collaborating health care organizations. 50 However, health care organizations need to adopt these applications with caution as unexpected inaccuracies or problems with data collection, entry, and processing may arise.
Human Factors Issues
Human factors such as product usability, process complexity, and user-engagement methods routinely influence IT uptake. 51 Prior experience with an IT application, different implementation approaches, and differential utility of structured data entry, can also influence user satisfaction. 52 Notably, significant concerns remain regarding liability, patient electronic communication, and reimbursement. 53 New IT solutions are often not adequately piloted, tested, and revised for usability in care prior to deployment. It is crucial to regularly observe user-IT interactions, particularly in the development phase. For example, in evaluating clinical reminders use, ease of use, access to workstations, perceived value, and relative benefits to administrators versus clinicians all impact their uptake. 21, 54, 55 Similarly, in using a CDS system to set the dosage of anticoagulant and time interval to the FIGURE 1. Framework and context for IT management and implementation.
S54 JGIM Doebbeling et al., Integrated Informatics for Implementation next appointment, nurses found it stressful to override program-generated recommendations. 56 
MANAGEMENT AND IMPLEMENTATION STRATEGIES
As IT is accepted and adopted by more health care organizations, challenges remain in the area of IT management and appropriate implementation. Much of the present discussions in the literature have focused on the correlation between IT and outcomes of care processes or behavior modification, whereas information on IT management has been limited. Based on our literature synthesis and expert opinions, we summarized some potential strategies for IT management and implementation.
Information technology management encompasses the health care entities it serves, its infrastructure, strategies for use, and expected outcomes (Fig. 1) . The context in which IT management is examined should consider key dimensions of the health care delivery system (patient and families, providers, organizations, patient populations, clinical knowledge, and care processes), the environment in which the organizations operate, as well as QI and evidence implementation efforts. 30, 57 Components of an informatics infrastructure to promote EBP, such as a health care data warehouse, knowledge database, personal health records, and user support, have demonstrated promising results in the limited settings in which they have been formally evaluated. 29 Information technology management may involve issues emanated from both within the organization and with other organizations. Within an organization, Simpson 58 has suggested that effective IT management should take into account the 3 ''Ps:'' people, process, and programs. To achieve ''buy-in'' from potential IT users, coordination among providers, a formal process to provide technical support for individual users, programs to integrate IT into workflow, and the ability to document system problems and obtain prompt administrator feedback are essential. [59] [60] [61] Strategies that are related to the people, process, and program dimensions of IT management are further elaborated in Table 4.   2 When interorganizational exchange occurs, IT management needs to focus on secure and affordable information exchange, which requires the adoption of appropriate technology and personnel training.
2 This is a high priority strategy for health systems and government leadership nationally. Effective interorganizational exchange among various participants (e.g., physicians, other providers, hospitals, payers, and ancillary services) may lead to cost savings in labor and improved QI outcomes for all organizations. A number of strategies have been suggested to facilitate IT implementation in health care settings. A crucial first step for the organization in the implementation process is to assess both current information-management capabilities and estimate future needs. 62, 63 Equally important is the assessment of readiness for major organizational change, such as the ability to invest in change management and training, as well as the culture and processes needed to support implementation. 64 Information technology systems to be implemented need to align with processes within the health care organization to allow evolution and adaptation. 65 One way to assess readiness is to employ a readiness assessment tool that can help the organization's decision making regarding IT implementation. Important factors for readiness assessment include external environment, organizational leadership, structure, and culture, care standardization, order management, access to information, information technology composition, and infrastructure. 64 It has been suggested that efforts involved in successful IT implementation consist primarily (75% to 90%) of social engineering and less (20% to 25%) of technical implementation. 2 Therefore, IT implementation requires individual participation and trust and system-level support. On an individual level, the organization and its management need to involve end users' input in improving their work practices. They also need to consider other factors, such as the usability, usefulness, and flexibility of IT tools and individualized training that will influence uptake. [59] [60] [61] On a system level, a supportive culture, visibility of positive results from IT use, and a realistic timeline will enhance implementation. [59] [60] [61] Developing and installing feedback and monitoring mechanisms, as IT is being adopted, implemented, and maintained provides opportunities for continual improvement. 66 As tools for rapid application development are refined, they will increasingly allow IT infrastructures to be responsive and concentrate on process alignment and incorporation of evidence into practice. Lastly, IT implementation requires the support and resources of the organization and its management. As most health care systems have limited resources for QI, resource allocation warrants close examination to maximize the benefits of IT use and, in turn, the delivery of safe, effective, efficient, and high-quality care. Factors influencing organizational decisions surrounding IT implementation need to explore the following: (1) which clinical conditions, practices, and settings are likely to benefit from IT implementation; (2) which is the greatest evidence gap present; and (3) what are the expected costs and benefits of introducing EBPs or new IT to support adherence? 25 IT implementation should be tailored to the needs of the organization, and not as a ''one size fits all'' solution. A balanced assessment of effectiveness and costs of the IT system is needed to make the implementation effort a successful one.
